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TOXIC g y y E T o y salts o m p l a m t s . 

A few Invest igatlona liave ):>een made regarding the action 
of single salts on plants » but In the XBa;jorlty of oases the object 
has been to determine the limit of endurance or the highest concen- 
tration at which certain plants coiUd live In the pure salt solutions. 
These concentrations varied with the salts used and one coiild not 
from the tabulated results tell the difference In growth of plants 
In the various salts of the same molecular solution^ nor would It be 
safe to assume this difference to vary uniformly In all concentra- 
tions, in experiments on Lunnlarla» not yet published » the reverse 

ci 

was found to be true» as the comparative degree of tox^y of certain 
solutions at one concentration might be entirely different at another. 
Again, time was found to be a very Important factor In changing this 
relation* so that experiments lasting only a short period could not 
be considered conclusive. The work done by previous Investigators 
differs so greatly In method and the results are so scattered that 
no coiQparlson with my results Is possible. 

It Is the object of this paper to demonstrate by neans of 
curves: (1) the relative degree of toxldlyof salts of Ca» K, Ma and 
llg m eqal-molecular solutions; (2) the degree of growth at different 
concentrations: (S) the variation of results in length of time; (4) 
the antitoxic effect of ssillts In each solution; (5) approximately 
what effect Is due to osmotic pressure. ^ I 
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all plants, but it Is hoped they may be Introductory to further ex- 
perimental worK along this line, and throw some li^t on the iiliole 
process of metabolism. 

MATERIAL USED. 

Wheat was taken as being an average well-Xnown agrioulttural 
GTOVt and one irith which much experimental worX has been done, one 
variety only was used, the "Early Oenesee,* which contains a large 
proportion of starch, and which in preliminary experiments was fotind 
to germinate evenly and with a high per cent of germination. Badish 
and clover seeds were also used for comparison and found to give sim- 
ilar results to wheat. 

METHOD OF EXPERIMENT . 

In practically all experiments that have been made along 
this line the seeds to be tested were first germinated in distilled 
water, then placed in the solutions. As the results for this paper 
were to be the growth made by the seed in the different solutions, 
this method was not practicable, and the following method was devised 
whereby the seeds might germinate in the solution from the beginning: 

Filter paper equal in length to the circumference of the 
top of the glass to be used and about S-1/2 in. in width was folded 
together once, then folded again, this time having one pert about 
twice the width of the other: so by doubling the smaller part back 
a trough was made for the seeds. The advantages of this method were: 
first, seeds germinated in the solution: second, seeds Mve sufficient 
air tar gemaination; third, aomparison of growth (y>ulil bOija^^^de: 
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fourth > seeds and young plants are prevented from sinking; fifths 
Incrustation of salts on the leaves was prevented* as In preliminary 
experiments without the filter paper the young plants sank to the 
bottom of the glass and» wherever the leaves oame in oontaot with 
the glass f salt oolleoted and quioXly killed them. 

After the paper strip was folded » and a place out in one 
side in order that the level of the solution could be seen and markedt 
the trough was filled with seeds and the ends of the paper held to- 
gether with a paper clip. These being all prepared before the solu- 
tions were made up* it re<iuired only a few moments to remove the clip 
and place the papers in the glasf^es» thus avoiding any difference 
that might arise from not starting all at the same time. 

Twenty or more seeds were placed in each solution* and the 
average ones were measured to ascertain the total length of roots 
In millimeters per grain* and the result given here is the average 
of those measured. Special care was taken in selecting the average 
ones> but in general the germination was quite uniform. 

Duplicate experiments were repeated several times* aM* 
while one series may have made a better growth than another* the com- 
parative order of toxJsJtywas not changed* and in all concentrations 
final measurements were made when the roots had reached the limit of 
growth. 

To aid the rootlets of the radish and clover to penetrate 
the f'ilter paper* a tracing wheel was run along the bottom of the 

•trough." While this was not necessary* it was found beneficially 
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the wheat also* naXlng It easier to remove the plants from the paper* 
as well as for roots to make their way through. 

After the first series It was thought worth while to deter- 
mine the death rate of the salts In question. With this ohjeot In 
view, five to ten average plants In eaoh concentration were after 
six or seven days fastened to spring clothes-pins by means of ruhher 
bands* and the pins were placed on the glasses with the radicles Im- 
mersed, but without allowing the clothes-pins to touch the solutions. 
If* upon transferring a plant to a glass of distilled water* It was 
found to maXe no growth* It was considered dead. 

The solutions were titrated against standard silver nitrate 
solution In the beginning to avoid any error* and great oare was talLen 
m making the various concentrations. 

To keep the solutions at the same strength was a probl«B 
ifiilch received oarefia cohBlderatlon. &s little salt would be taken 
by the plant the first few days* It was found perfectly safe to re- 
plenish the loss by addition of distilled water. When* however, by 
titration the solutions were found too weak* they were replaced by 
fresh solutions. 

8AI1T8 USBD . 

Several concentrations of Chlorides of Oa* K* Ma and l(g 
were used* these salts being taken because they represent the bases 
most common In the soil. 

Control experiments with tap and distilled water were al- 
ways carried on with each series. The plants made,|^g^<@^fi0^[^ 
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growth m distilled watecr* which of oourse was all Inportant In thiB 
worky in order that the toxio or stimulating effeot of thr salts 
ooald be determined. The water was distilled with especial care to 
avoid all traces of metals in solution. 

Van't Hoff's nolution» which is assumed to he non-toxic » 
formed part of every series » being of the same concentration as the 
saltsr to demonstrate how ma(di of the action was dtie to osmotlo pres- 
sure. In these experiments only one anion* ohlovlianywas used* so that 
the effect would be due solely to the cathions. 

The ctirves represent the total growth of root hairs in mil- 
limeters per wheat grain in the concentration given. As seen by ?ig. 

I., little growth tooX place at .18 H in Ca» Hs sKd K chlorides and 

of concentrations 
none whatever in MgOl^f where the small growth throughout th« series^ 

is undoubtedly due» in part» to the fact that the molecule of UgCl^ 
when dissolved dissociates into three ions instead of twot as in the 
case of NaOl and KCl: henoe> UgOl^ solutions have a higher osmotic 
pressure than equl-nolecular solutions of NaOl and K01» and conse- 
quently prevent plants from talcing up so much water. 

All the more striking is the behavior of OaOl^ lAiich in 
spite of high osmotic pressure (approximately as hi^ as IfgOl^ never- 
theless permits greater growth than MaCl or KCl; hence it must be 
much less toxio than any pf the other salts » while llgc\ is the most 
toxic . 

Another striking fact brought out in Figure I. 

is that the salts* each of which is poisonous by itself* when corn- 
Digitized by V^OOQ IC 
bined together in van*t Ifoff 's solution form a mixture in whiolPthe 
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plants maXe a splendid growth. This is not the phenomenon familiar 
to U8 In water oulttires and in soil fertilization^ where the addition 
of necessary salts gives a greatly increased growth* tat at this 
stage of development no salts whatever are nsoessary and plants maHe 
a better growth in distilled water than in any of the solutions shown 
in the cmrve. 

The toxio effect of the salts was noticeable principally 
in the radicles f as the tops were comparatively the same in the dif- 
ferent salts > with the exception of those in the stronger concentra- 
tions of Mg, in which little growth of either radicles or tops oc- 
curred. The order of germination was elso noteworthy. The seeds in 
HaOl and KOI were the first to send out roots and remained in advance 
of those in CaC\for several days. 

Loeh found the action of K, Na and Oa salts upon the absorp- 
tion of water by the muscle to be analogous to the behavior of the 
various soaps; that is» the presence of Oa retarded while K favored 
the absorption of water. Such was found to be true with wheat grains » 
equal weights of which were placed in equi-moleoular solutions of 
Oa» K, Ha and MgOl^. After periods of twenty-four, forty-ei|fht and 
ninety-six hours they were removed, dried between filter paper and 
weighed. Those in KOI solutions absorbed water much more rapidly 
than in OaOl^and VgOl^ while HaOl occupied a midway position. This 
order continued true for the first forty-eight hotirs; then the seeds 
in all the solutions weighed approximately the same, indicating the 
cause of slower growth might be due to rate of absorption. j 

)igitized by V^OOQIC 

For the first four or five days the vrtaeat in the HgSl, so- 
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lutlons made a growth almost equal to those in CaCl^t but after f If- 

teen days the radicles In ligci,, series had reached their llialt of 

even 
growthf while those In OaO\.08 II were still living and^ln .13 M new 

roots were produced when transferred to distilled water. 

It Is significant to note the effect of these salts on 
the general appearance of the roots: CaC\ favored the development 
of root-hairs, a fine growth beginning In the .06 If solution and con- 
tinuing throughout the lower dilutions of the series; also many side 
branches are produced, making a thrifty-looking root- sy stem. 

At no concentration of KOl and Had were the root-hairs 
developed equally to OaC1^.06 M, and those In the weaker solutions 
were decidedly unthrlflty In appearance. KCl gave the roots a dull 
white color, but as to branching was next to CaCl^ although the branch- 
es were thicker, shorter and most abundant In .02, .04 and .06 M con- 
centrations* while In CaCl^ branching was practically the same through- 
out. Had developed a few sttinted-looklng branches, and after twenty 
days the roots were of a yellow color In all the higher concentrations 
down to .03 If. Ugd^ produced no branches nor root-hairs In concen- 
trations .08 If to .005 If, but In .001 If root-hairs were developed, 
and In . oooi If branches were sent out similar to those In OaOl, solu- 
tlons. 

Figures II., III. and lY. show a comblnatLon of two salts 
far 
may be^ybetter than either salt alone. This Is true of Kd+Gad^ and 
of Had-t-CaCl^ and 
also of MgCl^'^ C&C.\ except In the higher concentrations. 



These results agree with those obtained by Professor Oster- 
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hout In his experiments with marine and f^resh-watecr algae » ifhere the 
salts ;)u8t mentioned produoed^alone^ little or no growth » but In the 
oomblnatlons Just given ( KCl-i-Oacn^ HaCi-fCaC^ UgO^CacytheT made good 
growth* In other words » an antagonistic effect was shown. But 
when Oa was omitted and two or even all three of the other salts were 
oomiblnedf there was no advantage CRrer the single salts. Since mjr ex- 
perlmentSf as far as they were carried* agreed with these results* 
the presumption is that for the wheat » as for the algae » the presence 
of Ca in a combination is helpful in all Instances f uhlle the omis- 
sion of Mg or Na or K would be scarcely noticeable. This importance 
of Ca is in accord with Professor Ellgard's statement that "lime is 
a governing factor" and "a lime country is a rich country," as iirXi-»»co 
will counteract the toxic effect of an excess of the other salts pres- 
ent. 

Figure T. shows that the addition of Ca greatly diminishes 
the toxicity of each single salt but does not change the relative 
toxicity of the salts when compared with one another. Talcing 100 KCl 
+ 30 CaCl^as a non- toxic combination exerting an influence chiefly 
through its osmotic pressure, it wotad be possible by this curve to 
estimate what per cent of the results here stated are due to osmotic 
pressure and what per cent due to toxlty. 

The distance from the line AB, representing distilled water, 
to the curve of Kd+CaCl^ would be the per cent due to osmotic pres- 
sure > while the distance of the other curves from KCl-fCaC\ would be 
the per cent due to toxlty. 7or example, 100 MgoiJ^W CaC\ at .12 M 



Digitized by 



Google 



produces an effect of which 64.5 ^ is due to osmotic pressure and 
35.5 ^ dtie to toxicity. The same can be done with Figure I.» taking 
the van't Hoff 's solution curve as representing the effects of osmot- 
ic pressure and measuring to the distilled water mark. It Is very 
noticeable that In lower concentrations the effect of osmotic pres- 
stxre decreases as the toxicity Increases. 

RB8ULTS . 

1. Each of the principal soil bases (Na^ K, Ug, Ca) is 
toxic when it alone is present. The following is the order of toxicity 
of their chlorides: first » VgCl^ seconds NaCl: third* KC1> and 
fourth, OaClj. 

2. The deleterious influence of Ha> K, and Kg when alone 
or in combinations can be counteracted by Ca. 

3. Osmotic pressure is the most important factor in sup- 
pressing growth in the strong solutions > but the toxic action is the 
most important factor in the weaker solutions. 

4. Experiments lasting but a Bhort time (such as have been 
made by all previous investigators of toxic action of salts) can not 
be considered conclusive, for after six days plants in NaCl and KOI 
made more growth thtfiin CaCl^ but after twenty-five or thirty days 
the plants in CaCl^were in advance of all the others. 
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